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(57) ABSTRACT 
There is provided a light source device Which can miniaturiZe 
a two-dimensional image display device as small as possible. 
The light source device is provided With three coherent light 
sources (11a), (11b), and (110) corresponding to red, blue, 
and green; prisms (12a) and (120) for re?ecting lights emitted 
from the coherent light sources (11a) and (110); and a dif 
fraction part (20) comprising a single volume hologram on 
Which plural gratings are multiply-formed, Which gratings 
diffract the light emitted from the coherent light source (1 1b), 
and the lights that are emitted from the coherent light sources 
(11a) and (110) and re?ected by the prisms (12a) and (12b) so 
that these lights propagate in the same optical path. 

8 Claims, 14 Drawing Sheets 
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LIGHT SOURCE DEVICE, AND 
TWO-DIMENSIONAL IMAGE DISPLAY 

DEVICE 

TECHNICAL FIELD 

The present invention relates to a light source device and a 
tWo-dimensional image display device and, more particu 
larly, to a light source device that realiZes miniaturization of 
a tWo-dimensional image display device, and a compact tWo 
dimensional image display device using the light source 
device. 

BACKGROUND ART 

In recent years, a tWo-dimensional image display device 
(laser display device) capable of representing bright colors 
has attracted attention. This device adopts three coherent light 
sources of red, green, and blue (e.g., laser light sources), and 
has a construction as shoWn in FIG. 13. 

In FIG. 13, reference numeral 600 denotes a tWo-dimen 
sional image display device using conventional laser light 
sources. The tWo-dimensional image display device 600 
comprises red, green, and blue laser light sources 601a, 601b, 
and 6010, beam expanders 602a, 602b, and 6020, light inte 
grators 603a, 603b, and 6030, mirrors 604a and 6040, diffu 
sion plates 606a, 606b, and 6060, diffusion plate Wobbling 
means 605a, 605b, and 6050, spatial light modulation ele 
ments 607a, 607b, and 6070, ?eld lenses 608a, 608b, and 
6080, a dichroic prism 609, and a projection lens 610. 

In the two-dimensional image display device 600, lights 
emitted from the red, green, and blue laser light sources 601a, 
601b, and 6010 are expanded by the beam expanders 602a, 
602b, and 6020, and pass through the light integrators 603a, 
603b, and 6030, respectively. The optical paths of the red and 
blue lights that pass through the light integrators 603a and 
6030 are bent at 90° by the mirrors 604a and 6040, respec 
tively, While the optical path of the green light that passes 
through the light integrator 60319 is not bent, and the respec 
tive lights irradiate the spatial light modulation elements 
607a, 607b, and 6070 through the ?eld lenses 608a, 608b, and 
6080, and the diffusion plates 606a, 606b, and 6060, respec 
tively. The lights emitted from the three kinds of laser light 
sources 601a, 601b, and 6010 pass through the light integra 
tors 603a, 603b, and 6030, respectively, Whereby the illumi 
nation distributions on the spatial light modulation elements 
607a, 607b, and 6070 are made uniform. The lights Which are 
individually modulated by the spatial light modulation ele 
ments 607a, 607b, and 6070 are multiplexed by the dichroic 
prism 609 to be coaxial beams that propagate in the same 
optical path, and further, enlarged and projected by the pro 
jection lens 610 to be focused on the screen 61. At this time, 
since the laser light interference is high, speckle noises are 
superposed on the image projected on the screen 61. In order 
to avoid the speckle noises, the diffusion plates 606a, 606b, 
and 6060 are Wobbled by the diffusion plate Wobbling means 
605a, 605b, and 6050, respectively, Whereby the speckle 
noises are temporally averaged. 

In the conventional tWo-dimensional image display device 
600 shoWn in FIG. 13, hoWever, in order to expand the lights 
from the three kinds of laser light sources 601a~601c and 
make the intensity distributions of the lights uniform, three 
beam expanders and three light integrators are needed. Fur 
ther, in order to convert the lights from the three kinds of laser 
light sources into coaxial beams Which are parallel to each 
other and propagate in the same optical path, a lot of lenses 
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2 
and mirrors must be disposed in the device. Consequently, the 
conventional tWo-dimensional image display device is unde 
sirably increased in scale. 

In order to solve this problem, the optical system of the 
tWo-dimensional image display device may be constituted 
such that, as shoWn in FIG. 14, initially lights emitted from 
laser light sources corresponding to three colors of red, green, 
and blue are mixed using dichroic mirrors, and thereafter, the 
mixed light is transmitted through a beam expander and a 
light integrator. 

In FIG. 14, reference numeral 700 denotes a conventional 
tWo-dimensional display device using laser light sources. The 
tWo-dimensional image display device 700 comprises red, 
green, and blue laser light sources 701a, 701b, and 7010, 
collimator lenses 704a, 704b, and 7040, ?rst and second 
dichroic mirrors 705a and 705b, a beam expander 702, a light 
integrator 703, a projection lens 10, and a liquid crystal panel 
71. 
The dichroic mirror is obtained by laminating multiple 

?lms on a glass substrate, and varies the transmissivity in 
accordance With the Wavelength. In the tWo-dimensional 
image display device 700 shoWn in FIG. 15, the ?rst dichroic 
mirror 705a re?ects lights of Wavelengths shorter than a 
threshold Wavelength of about 580 nm, and passes only lights 
having Wavelengths longer than this threshold Wavelength. 
The second dichroic mirror 705b re?ects lights of Wave 
lengths shorter than a threshold Wavelength of about 490 nm, 
and passes only lights having Wavelengths longer than this 
threshold Wavelength. 

In the conventional tWo-dimensional image display device 
700 using the laser light sources, initially, lights emitted from 
the red, green, and blue laser light sources 701a, 701b, and 
7010 are collimated by the collimator lenses 704a, 704b, and 
7040, respectively, and the collimated lights are converted to 
coaxial beams that are parallel to each other and propagate 
through the same optical path, by the ?rst and second dichroic 
mirrors 705a and 705b, and thereafter, the coaxial beams are 
applied to the beam expander 702. The light beams incident 
on the beam expander 702 are expanded by the beam 
expander 702 and then pass through the light integrator 703. 
The light integrator 703 includes tWo ?y-eye lenses 703a and 
7031) each comprising rectangle element lenses being tWo 
dimensionally arrayed, and a collimator lens 7030. The lights 
incident on the respective element lenses of the ?rst ?y-eye 
lens 703 are focused on the tWo-dimensional spatial light 
modulation element by the second ?y-eye lens 703b, Whereby 
the light intensity distributions on the respective element 
lenses are multiplexed on the tWo-dimensional spatial light 
modulation element, and consequently, the light intensity 
distribution on the tWo-dimensional spatial light modulation 
element becomes uniform. 
The light that passes through the light integrator 703 and 

thereby has the uniform intensity distribution is focused on 
the liquid crystal panel 71 by the projection lens 710 (refer to 
Japanese Published Patent Application No. 10-293268 
(Patent Document 1)). 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 

As described above, the scale of the Whole tWo-dimen 
sional image display device can be further reduced in the 
construction shoWn in FIG. 14 Wherein the lights emitted 
from the respective laser light sources 701a~701c are multi 
plexed by the ?rst and second dichroic mirrors 705a and 70519 
to convert them into coaxial beams, and then the coaxial 
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beams are expanded, and thereafter, the light intensity distri 
butions thereof are made uniform by the light integrator 703, 
relative to in the construction shoWn in FIG. 13 Wherein the 
lights emitted from the respective laser light sources 
601a~601c are expanded by the beam expanders 602a~602c, 
and then the light intensity distributions thereof are made 
uniform by the light integrators 603a~603b, and thereafter, 
the light beams are multiplexed by the dichroic prism 609 to 
convert them into coaxial beams. 

In the conventional tWo-dimensional image display device, 
hoWever, even When the Whole optical system thereof is con 
stituted as shoWn in FIG. 14, the number of parts is still large 
and thereby the device scale is too large to install the device on 
a compact device such as a handy phone. 

The present invention is made to solve the above-described 
problems and has for its object to provide an ultracompact 
light source device that can be mounted on a compact device, 
and a compact tWo-dimensional image display device using 
the light source device. 

Measures to Solve the Problems 

In order to solve the above-mentioned problems, a light 
source device according to the present invention comprises at 
least tWo coherent light sources; and a diffraction part for 
diffracting light Which is emitted from at least one of the 
coherent light sources so that the respective lights emitted 
from the at least tWo coherent light sources propagate through 
the same optical path. 

Therefore, the respective lights emitted from the plural 
coherent light sources can be easily multiplexed in the dif 
fraction part, resulting in an ultracompact light source device. 

Further, in the light source device according to the present 
invention, the optical propagation paths of the respective 
lights emitted from the at least tWo coherent light sources 
overlap each other on the diffraction part. 

Therefore, the light source device can be further miniatur 
iZed. 

Further, in the light source device according to the present 
invention, the center axes of the optical propagation paths of 
the respective lights emitted from the at least tWo coherent 
light sources intersect at one point on the diffraction part. 

Therefore, the light source device can be further miniatur 
iZed. 

Further, in the light source device according to the present 
invention, the at least tWo coherent light sources are disposed 
on the same submount. 

Therefore, heat radiation of three light sources can be 
carried out by heat radiation of the single submount, Whereby 
heat radiation of the light sources in the light source device 
can be realiZed by the simple construction. 

Further, in the light source device according to the present 
invention, the coherent light sources are a coherent light 
source that emits red light, a coherent light source that emits 
blue light, and a coherent light source that emits green light. 

Therefore, a compact light source device that emits R, G, 
and B lights can be provided. 

Further, in the light source device according to the present 
invention, the light emitted from at least one coherent light 
source among the coherent light sources passes through the 
diffraction part Without being diffracted by the diffraction 
part. 

Therefore, the production process of the diffraction part 
can be reduced, thereby providing the light source device at 
loWer cost. 

Further, in the light source device according to the present 
invention, the diffraction part comprises a single diffraction 
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element, and the diffraction element diffracts the light emit 
ted from at least one coherent light source so that the respec 
tive lights emitted from the at least tWo coherent light sources 
propagate through the same optical path. 

Therefore, the diffraction part is doWnsiZed, Whereby the 
light source device can be ultra-miniaturized. 

Further, in the light source device according to the present 
invention, the diffraction element is further provided With a 
lens function. 

Therefore, the respective lights emitted from the plural 
coherent light sources can irradiate the same planar region 
above the diffraction element. 

Further, in the light source device according to the present 
invention, the diffraction part comprises a ?rst diffraction 
element for receiving at least tWo lights, and diffracting at 
least one of the received lights so that the received at least tWo 
lights propagate through the same optical path; and a second 
diffraction element for diffracting the light emitted from at 
least one coherent light source among the at least tWo coher 
ent light sources so that the center axes of the optical propa 
gation paths of the lights emitted from the respective coherent 
light sources intersect at one point on the ?rst diffraction 
element. 

Therefore, it is possible to provide, at loWer cost, a compact 
light source device in Which the diffraction part can easily 
convert the respective lights emitted from the plural coherent 
light sources into coaxial beams to multiplex the same. 

Further, in the light source device according to the present 
invention, the second diffraction element is further provided 
With a lens function, and the second diffraction element con 
denses the respective lights emitted from the at least tWo 
coherent light sources so that the respective lights diffracted 
by the second diffraction element irradiate the same region of 
the ?rst diffraction element. 

Therefore, the respective lights emitted from the plural 
coherent light sources can irradiate the same region of the ?rst 
diffraction element that is disposed above the second diffrac 
tion element. 

Further, in the light source device according to the present 
invention, the diffraction element is a volume hologram, and 
plural gratings are multiplexed on the volume hologram, 
Which gratings receive the respective lights emitted from the 
at least tWo coherent light sources, and change the propaga 
tion directions of the respective lights. 

Therefore, it is possible to realiZe an ultra-miniaturized 
light source device in Which the diffraction part can easily 
convert the respective lights from the plural coherent light 
sources into coaxial beams to multiplex the same. 

Further, in the light source device according to the present 
invention, the diffraction element is regionally divided, and 
the respective lights that are diffracted in the divided regions 
of the diffraction element irradiate the same planar region. 

Therefore, the diffraction element can be provided With the 
function of a light integrator, Whereby the intensity distribu 
tions of the lights that irradiate the space can be made uni 
form. 

Further, in the light source device according to the present 
invention, the diffraction element is regionally divided in a 
lattice pattern. 

Therefore, the intensity distributions of the lights that irra 
diate the space can be made more uniform. 

Further, a tWo-dimensional image display device accord 
ing to the present invention comprises at least tWo coherent 
light sources; a diffraction part for diffracting light emitted 
from at least one coherent light source so that the respective 
lights emitted from the at least tWo coherent light sources 
propagate in the same optical path; and a tWo-dimensional 
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spatial light modulation element for receiving the respective 
lights that are diffracted by the diffraction part to be coaxial 
beams, said element being provided in a space above the 
diffraction part. 

Therefore, it is possible to miniaturiZe the tWo-dimen 
sional image display device that displays the lights emitted 
from the light source device. 

Further, the tWo-dimensional image display according to 
the present invention further includes a control part for con 
trolling the operations of the at least tWo coherent light 
sources, and the at least tWo coherent light sources are a 
coherent light source that emits red light, a coherent light 
source that emits green light, and a coherent light source that 
emits blue light, and the control part controls the three coher 
ent light sources so that the coherent light sources are time 
shared to sequentially emit lights. 

Therefore, it is possible to display a moving picture in the 
tWo-dimensional image display device. 

Effects of the Invention 

According to the present invention, a light source device 
having plural coherent light sources is provided With a dif 
fraction part that diffracts the respective lights emitted from 
the coherent light sources so that the lights propagate in the 
same optical path. Therefore, an optical system for multiplex 
ing the respective lights emitted from the plural coherent light 
sources into coaxial beams can be doWnsiZed, thereby pro 
viding an ultracompact light source device. 

Further, according to the light source device of the present 
invention, the light emitted from at least one coherent light 
source among the plural coherent light sources passes 
through the diffraction part Without being diffracted by the 
diffraction part. Therefore, the number of gratings to be mul 
tiplexed on the diffraction part can be reduced, Whereby the 
light source device can be constituted at loW cost. 

Further, according to the light source device of the present 
invention, the diffraction part is constituted by ?rst and sec 
ond diffraction gratings, and the second diffraction grating 
diffracts the lights from the plural coherent light sources so 
that these lights irradiate the same region of the ?rst diffrac 
tion element, While the ?rst diffraction grating diffracts the 
respective lights that pass through the second diffraction ele 
ment so that these lights become coaxial beams. Therefore, it 
is possible to provide a compact light source device Which can 
easily multiplex the lights from the plural light sources to be 
coaxial beams. 

Further, according to the light source device of the present 
invention, the plural coherent light sources are disposed on 
the same submount. Therefore, heat radiation of the plural 
light sources can be carried out by heat radiation of the single 
submount, thereby facilitating heat radiation of the light 
source device. 

Further, according to the light source device of the present 
invention, the diffraction part is regionally divided, and the 
divided regions of the diffraction part are respectively pro 
vided With plural gratings as Well as functions of concave 
lenses. Therefore, the intensity distributions of the lights 
emitted from the diffraction part can be made uniform as Well 
as the lights emitted from the plural coherent light sources can 
be easily converted into coaxial beams to be multiplexed. 
Further, the diffraction part having the light integrator that 
makes the intensity distributions of the lights emitted from the 
diffraction part uniform is more compact and can be fabri 
cated using cheaper materials as compared With the conven 
tional lens array, Whereby the light source device can be 
realiZed at loWer cost. 
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Further, according to the tWo-dimensional image display 

device of the present invention, the light source device is 
miniaturiZed using the diffraction element, Whereby the tWo 
dimensional image display device can be miniaturized. 

Further, according to the tWo-dimensional image display 
device of the present invention, since the diffraction part of 
the light source device also has the function of a light inte 
grator, the intensity distributions of the lights emitted from 
the light source device become uniform Without the necessity 
of using ?y array lenses that are conventionally needed for 
making the light intensity distributions uniform, Whereby the 
tWo-dimensional image display device in Which the intensity 
distributions of the lights from the light sources are uniform 
can be more miniaturized, and further, the number of con 
stituents of the tWo-dimensional image display device can be 
reduced. As the result, the tWo-dimensional image display 
device having the uniform intensity distributions of the lights 
from the light sources can be easily assembled at loW cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1(a) and 1(b) are a side vieW and a plan vieW illus 
trating a construction of a light source device according to a 
?rst embodiment of the present invention. 

FIG. 2 is a diagram illustrating a method for fabricating a 
diffraction part according to the ?rst embodiment of the 
present invention, and more speci?cally, FIGS. 2(a), 2(b), and 
2(0) illustrate processes for fabricating gratings that diffract 
lights emitted from green, blue, and red laser light sources, 
respectively. 

FIGS. 3(a) and 3(b) are a side vieW and a plan vieW illus 
trating another construction of a light source device according 
to the ?rst embodiment of the present invention. 

FIGS. 4(a) and 4(b) are a side vieW and a plan vieW illus 
trating still another construction of a light source device 
according to the ?rst embodiment of the present invention. 

FIGS. 5(a) and 5(b) are a side vieW and a plan vieW illus 
trating a construction of a light source device according to a 
second embodiment of the present invention. 

FIG. 6 is a diagram illustrating a method for fabricating a 
second volume hologram of a diffraction part according to the 
second embodiment of the present invention, and more spe 
ci?cally, FIGS. 6(a), 6(b), and 6(0) illustrate processes for 
fabricating gratings that diffract lights emitted from green, 
blue, and red laser light sources, respectively. 

FIG. 7 is a diagram illustrating a method for fabricating a 
?rst volume hologram of the diffraction part according to the 
second embodiment of the present invention, and more spe 
ci?cally, FIGS. 7(a), 7(b), and 7(0) illustrate processes for 
fabricating gratings that diffract lights emitted from green, 
blue, and red laser light sources, respectively. 

FIGS. 8(a) and 8(b) are a side vieW and a plan vieW illus 
trating a construction of a light source device according to a 
third embodiment of the present invention. 

FIG. 9 is a diagram for explaining a method for fabricating 
a grating for green light of a diffraction part according to the 
third embodiment of the present invention, and more speci? 
cally, FIGS. 9(a)~9(d) illustrate processes for performing 
interference exposure onto divided four regions that are 
arranged in one line. 

FIG. 10 is a diagram for explaining a method for fabricat 
ing a grating for blue light of the diffraction part according to 
the third embodiment of the present invention, and more 
speci?cally, FIGS. 10(a)~10(d) illustrate processes for per 
forming interference exposure onto divided four regions that 
are arranged in one line. 
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FIG. 11 is a diagram for explaining a method for fabricat 
ing a grating for red light of the diffraction part according to 
the third embodiment of the present invention, and more 
speci?cally, FIGS. 11(a)~11(d) illustrate processes for per 
forming interference exposure onto divided four regions that 
are arranged in one line. 

FIG. 12 is a diagram illustrating a construction of a tWo 
dimensional image display device according to a fourth 
embodiment of the present invention. 

FIG. 13 is a diagram illustrating an example of a conven 
tional tWo-dimensional image display device. 

FIG. 14 is a diagram illustrating another example of a 
conventional tWo-dimensional image display device. 

DESCRIPTION OF REFERENCE NUMERALS 

10, 10a,10b,10c. . . submount 

11a, 11b, 110, 21a, 21b, 21c, 601a, 601b, 6010, 701a, 
701b, 7010 . . . laser light source 

12a, 12b, 12c . . . prism 

32 . . . divided regions 

32a, 32b, 32c . . . grating 

20, 220, 320 . . . diffraction part 

221 . . . ?rst volume hologram 

222 . . . second volume hologram 

222a, 222b, 2220 . . . grating 

30.60711, 607b, 6070, 707 . . . 

element 
51, 61 . . . screen 

71 . . .liquid crystal panel 

100,100a, 100b, 200, 300 . . . light source device 
500, 600, 700 . . . tWo-dimensional image display device 

510, 710 . . . projection lens 

520 . . . control unit 

530 . . . video signal sWitching unit 

540 . . . laser sWitching part 

550a, 550b, 5500 . . . laser driving unit 

560, 608a, 608b, 6080 . . . ?eld lens 

602a, 602b, 6020 . . . beam expander 

603a, 603b, 6030 . . . light integrator 

604a, 6040 . . .mirror 

605a, 605b, 6050 . . . diffusion plate Wobbling means 

606a, 606b, 6060 . . . diffusion plate 

609 . . . dichroic prism 

610 . . . projection lens 

704a, 704b, 7040 . . . collimator lens 

705a, 7051) . . . dichroic mirror 

spatial light modulation 

BEST MODE TO EXECUTE THE INVENTION 

Hereinafter, embodiments of the present invention Will be 
described. 

Embodiment 1 

In this ?rst embodiment, a description Will be given of a 
light source device in Which a single diffraction element 
diffracts light beams emitted from three coherent light 
sources that emit red, blue, and green lights so that these lights 
become coaxial beams, thereby to multiplex the respective 
lights. In the folloWing description, “coaxial beams” means 
lights that propagate in the same optical path, and “light axis” 
means a center axis of a light propagation path. 

FIG. 1 is a diagram illustrating the construction of the light 
source device according to the ?rst embodiment, Wherein 
FIG. 1(a) is a side vieW and FIG. 1(b) is a plan vieW. 
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8 
In FIG. 1, reference numeral 100 denotes a light source 

device according to the ?rst embodiment, and the light source 
device 100 is used as a light source for a tWo-dimensional 
image display device. The light source device 100 includes 
coherent light sources, i.e., three semiconductor lasers 
11a~11c emitting red light, blue light, and green light (here 
inafter referred to simply as “laser light sources”), and a 
submount 10, such as a silicon substrate, on Which the laser 
light sources 11a~11c are directly mounted. Further, the light 
source device 100 includes a diffraction unit 20 Which is 
disposed above the submount 10, and diffracts light beams 
emitted from at least one coherent light source, in this ?rst 
embodiment, light beams emitted from the tWo laser light 
sources 11a, 11b, and 110, so that all the light beams emitted 
from the three coherent light sources become coaxial beams; 
and prisms 12a, 12b, and 120 Which are disposed on the 
submount 10, and re?ect the light beams emitted from the 
three laser light sources 11a, 11b, and 110 so that the light 
beams emitted from the laser light sources 11a, 11b, and 110 
irradiate the same region of the diffraction unit 20. Further, a 
spatial light modulation element 30 for spatially modulating 
the amplitudes of the respective lights Which are converted to 
the coaxial beams by the diffraction unit 20 is disposed above 
the diffraction part 20. 
The respective laser light sources 11a~11c are surface 

emitting lasers, and the red and green laser light sources 11a 
and 11b are disposed on a single straight line While the blue 
laser light source 11b is disposed on a straight line that is 
perpendicular to the above-mentioned straight line. The 
re?ection angles of the re?ection surfaces of the prisms 12a, 
12b, and 120 are set so that the light axes of the emitted lights 
from the laser light sources 11a, 11b, and 110, Which are 
re?ected at the re?ection surfaces, and the light axis of the 
emitted light from the laser light source 11b intersect at one 
point on the diffraction unit 20. 

In this ?rst embodiment, the diffraction unit 20 comprises 
a single volume hologram. A plurality of gratings for diffract 
ing the lights emitted from the respective laser light sources 
11a~11c to convert these lights into coaxial beams are mul 
tiply-formed in the volume hologram. The volume hologram 
of the ?rst embodiment also has a lens function for condens 
ing the respective lights that pass through the diffraction unit 
20 so that the respective lights irradiate the same region of the 
spatial light modulation element 30 disposed above the dif 
fraction part 20. 

Hereinafter, a method for fabricating the diffraction part 20 
according to the ?rst embodiment Will be described. 

FIG. 2 is a diagram illustrating a method for fabricating the 
volume hologram according to the ?rst embodiment, Wherein 
FIG. 2(a) shoWs a method of forming a grating for the light 
emitted from the green light laser source 110, FIG. 2(b) shoWs 
a method of forming a grating for the light emitted from the 
blue light laser source 11b, and FIG. 2(0) shoWs a method of 
forming a grating for the light emitted from the red light laser 
source 1111. 

For example, a light source Lg1 and a light source Lg2 
Which have the same Wavelength as that of the green light 
laser source 110 are used for fabrication of a grating corre 
sponding to the light emitted from the green light laser source 
110. At this time, the light sources Lg1 and Lg2 emit laser 
lights Which are emitted from the same light source and 
divided. For example, light emitted from a single laser source 
is introduced into an optical ?ber, and further, the ?ber is 
divided into tWo ?bers by a ?ber coupler, and the emission 
facets of the tWo ?bers are disposed in the positions of the 
light sources Lg1 and Lg2, respectively. Further, the light 
source Lg1 is disposed so that its optical position With respect 
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to the volume hologram 20 matches the position of the laser 
light source 110 shoWn in FIGS. 1(a) and 1(b), and the light 
source Lg2 is disposed in the center of projection that projects 
the light emitting surface of the diffraction part 20 onto the 
entire light receiving surface of the spatial light modulation 
element 30. In this ?rst embodiment, since the spatial light 
modulation electrode 30 is positioned directly above the dif 
fraction part 20, the light source Lg2 is disposed on a straight 
line that is perpendicular to the light emission surface of the 
diffraction part 20 (refer to FIG. 2(a)). Then, the volume 
hologram is subjected to interference exposure With the lights 
emitted from the light sources Lg1 and Lg2. Thereby, an 
interference pattern is recorded on the volume hologram to 
fabricate a Bragg grating that diffracts and condenses the light 
emitted from the laser light source 110. 
A light source Lb1 and a light source Lb2 Which have the 

same Wavelength as that of the blue light laser source 11b are 
used for fabrication of a grating corresponding to the light 
emitted from the blue light laser source 11b. At this time, the 
light sources Lb1 and Lb2 emit laser lights Which are emitted 
from the same light source and divided. For example, light 
emitted from a single laser source is introduced into an optical 
?ber, and further, the ?ber is divided into tWo ?bers by a ?ber 
coupler, and the emission facets of the tWo ?bers are disposed 
in the positions of the light sources Lb1 and Lb2, respectively. 
Further, the light source Lb1 is disposed so that its optical 
position With respect to the volume hologram 20 matches the 
position of the laser light source 11b shoWn in FIG. 1, and the 
light source Lb2 is disposed in the same position as the light 
source Lg2 (refer to FIG. 2(b)). Then, the volume hologram is 
subjected to interference exposure With the lights emitted 
from the light sources Lb1 and Lb2. Thereby, an interference 
pattern is further recorded on the volume hologram to fabri 
cate a Bragg grating that condenses the light emitted from the 
laser light source 11b. 
A light source Lr1 and a light source Lr2 Which have the 

same Wavelength as that of the red light laser source 1111 are 
used for fabrication of a grating corresponding to the light 
emitted from the green light laser source 11a. At this time, the 
light sources Lr1 and Lr2 emit laser lights Which are emitted 
from the same light source and divided. For example, light 
emitted from a single laser source is introduced into an optical 
?ber, and further, the ?ber is divided into tWo ?bers by a ?ber 
coupler, and the emission facets of the tWo ?bers are disposed 
in the positions of the light sources Lr1 and Lr2, respectively. 
Further, the light source Lr1 is disposed so that its optical 
position With respect to the volume hologram 20 matches the 
position of the laser light source 1111 shoWn in FIG. 1, and the 
light source Lr2 is disposed in the same position as the light 
source Lg2 (refer to FIG. 2(0)). Then, the volume hologram is 
subjected to interference exposure With the lights emitted 
from the light sources Lr1 and Lr2. Thereby, an interference 
pattern is further recorded on the volume hologram to fabri 
cate a Bragg grating that condenses the light emitted from the 
laser light source 11a. 

The interference expo sure of the volume hologram must be 
carried out three times so that the gratings corresponding to 
the respective emitted lights from the three laser sources are 
formed in the single volume hologram, and therefore, each 
interference exposure is carried out With such a light intensity 
that the photosensitive material constituting the volume holo 
gram is completely exposed by the three times of exposures. 

Next, the function and effect Will be described. 
In the light source device 100, When lights are emitted from 

the laser light sources 11a~11c of red, blue, and green lights 
Which are disposed on the submount 10, the lights emitted 
from the three laser light sources 11a, 11b, and 110 are 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
re?ected by the prisms 12a, 12b, and 120 on the submount 10 
so that the light axes of the respective emitted lights intersect 
at one point on the diffraction part 20. 

Then, the red, blue, and green laser lights emitted from the 
respective laser light sources 11a, 11b, and 110 are multi 
plexed by the gratings corresponding to the respective lights 
in the diffraction part 20 so as to be coaxial beams as shoWn 
in FIG. 1, and the coaxial beams irradiate the same area of the 
spatial light modulation element 30, i.e., the light receiving 
surface. That is, the emitted lights from the red, blue, and 
green laser light sources 11a, 11b, and 110, Which are 
re?ected by the prisms, are respectively diffracted and con 
densed When passing through the diffraction part 20. Thereby, 
the light emitted from the diffraction part 20, Which is 
obtained by multiplexing the lights emitted from the three 
laser light sources, irradiates the light receiving surface that is 
a given area of the spatial light modulation element 30. 
As described above, according to the ?rst embodiment, the 

light source device is provided With the three laser light 
sources 11a~11c, and the diffraction part 20 comprising a 
single volume hologram Which multiplexes the lights emitted 
from the laser light sources 11a~11c so that these lights 
become coaxial beams. Therefore, the optical system for 
converting the lights emitted from the three laser light sources 
into coaxial beams can be miniaturized, thereby realiZing an 
ultracompact tWo-dimensional image display device that can 
be mounted on a compact apparatus such as a handy phone. 

Further, since the three light sources are disposed on the 
same submount 10, heat radiation of the three light sources 
can be carried out by heat radiation of the single submount10, 
Whereby heat radiation of the light sources in the light source 
device can be facilitated. 

Further, in this ?rst embodiment, surface-emitting lasers 
are adopted as the three light sources 11a~11c, and the blue 
light laser is disposed on a straight line that is perpendicular to 
a straight line connecting the green light laser and the red light 
laser. HoWever, arrangement of the laser light sources is not 
restricted thereto. 

For example, a surface-emitting laser is used as a blue light 
laser, and this is disposedbetWeen the green light laser and the 
red light laser. FIGS. 3(a) and 3(b) are a side vieW and a plan 
vieW illustrating a light source device 10011 of such construc 
tion. In FIGS. 3(a) and 3(b), the same reference numerals as 
those shoWn in FIGS. 1(a) and 1(b) denote the same elements 
as those ofthe light source device 100. 

In this case, the number of prisms disposed on the sub 
mount 10 can be reduced, Whereby the cost of the light source 
device 100 can be reduced. 

Further, While in this ?rst embodiment the semiconductor 
laser chips as the laser light sources are disposed on the same 
submount 10, the semiconductor laser chips as the laser light 
sources may be mounted on different submounts 10a~10c, 
respectively, as in a light source device 100!) shown in FIGS. 
4(a) and 4(b). FIGS. 4(a) and 4(b) are a side vieW and a plan 
vieW of the light source device 100b, Wherein the same ref 
erence numerals as those in FIGS. 1(a) and 1(b) denote the 
same elements as those of the light source device 100. 
When the semiconductor laser chips as the three light 

sources are mounted on the separated submounts 10a~10c, 
respectively, the degree of freedom in layout of the three light 
sources is increased, thereby facilitating design of the light 
source device in a compact apparatus. 

Further, While in this ?rst embodiment the diffraction part 
20 also has the function of a condenser lens, it is not necessary 
to condense the respective lights by the diffraction part 20 so 
long as the lights passing through the diffraction part 20 fall 
Within the plane of the spatial light modulation element 30. In 














